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CERENKOVRADIATORSFOR PHOiODIODES*
“.

I. SUMMARYAND CONCLUSIONS

Severalmaterialshave been exaninedfor use as Cerenkov

convertersin frontof photodiodesin an effortto find a gmna

detectorsystemthat has more sensitivitythan a Comptondetectorbut

makes littlesacrificein bandwidth. Suprasil(fusedsilica)and lNT

Lucite(acrylic)were 10-100timesmore sensitivethan a Uxnpton

detectorand providedalmostthe sanebandwidth. Bariunfluoride

providedalmost1000timesthe sensitivity,but with a factorof 3 or

4 reductionin bandwidth. Relativesensitivitiesare strongly

dependenton bean canposition;the Cerenkovpackageis less sensitive

to a pure y-raybeam than to a y-electronshowerbean. Hence,bean

compositionmust be consideredin any applicationof thesedetectors.

A searchfor dependenceof the sensitivityon dose is in progress.

II. OBJECTIVES

Analysisof fastradiativeprocesses,such as thoseencountered

in und?rcjroundnucleartesting,requiresdetectorswith responsetimes

of .lanosecondsor less. “fbeComptondetector,a basictool in nuclear

testdiagnostics,is quitefast,but also relativelyInsensitive.In

order to providea detectorwith similarbandwidthbut greater

sensitivity,we have investigatedseveralmaterialsfor use as

(Wcnkov radiatorswith photodiodes.

IlleG?rtmkovprocessis intr‘rlsicallyver’,fast,as time spread

in thu opticalpulsedepcntissimplyon the gwxnetricaleffectsof

differentCert!nkuvcone imglcsfordifferentwavelengths,henceon t

materialdi:;pcrnlrmof ttmmediun. For ex,mplc,in a 10 cm rradiU3
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waterC&enkov=detector,the red and blue lightpulsesare 5 ps apart.

Practically,then,the opticalpulsewidthfran a Cerenkovconverter

is essentiallyjust the lighttransittime in the converter.

A secondadvantageof the @renkov converteris fomd in

applicationsinvolvinglargeneutronbackgrounds. Protonsor heavier

nucleirecoilingfrcmneutronscatteringdo not r~iate via the

Cerenkovprocess,hence Cerenkovradiatorshave low neutron

sensitivity.

III. THEORETICALBACKGROUND

As a functionof frequency,the energyradiatedper unit length

of radiatoris

where e ❑ electroncharge

u ❑ frequency(2He/A)

c= velocityof light

0= electronvelocity/c

n= indexof rcf’ractionof the mediun.

This rutcof ent?rLyloss is t.ypic!i]]]yabout0.1%of thr

ioniziltion10ss for ilrc’l;lt,itiIstir pnrticle.

undersLudy,the nunhm-

N
1

❑ ?ll(ll (A - :)
t’ 1

of (lm!f]kovpho(onxfmn :1cwwrrter Is

(1 - “lj-., )

It 11’



where E = lengthof the converter,

u = fine structureconstant(1/137)

and Al and A2 llmitthe wavelengthrangebeingobserved. In a

corwerterwith n near 1.5Pthis correspondsto about400 Cerenkov

photons/cmfor a relativisticelectron.

Fromthe above formula,it is apparentthat the efficiencyof a

materialas a Cerenkovradiatoris independentof Z and variesrather

slowlywith n. In dosimetryof a y bean,however,ont must also

considerthe efficiencyof the radiatorit]convertingprimaryY’S into

electronsand positronsfromwhich CZrenkovr~diationmay be detected.

The threemajor processesin whichenergeticphotonsare convertedare

photoelectric,t%mpton,and pair prod~ctlon.‘l%ecrosssectionsfor
4-5theseprocessesvary with the atomicnunbercf the radiatoras Z ,

Z, a]]d22, respectively.Hence,a dense,hiEh-Zradiatorshouldbe

much more sensitivethan a light,low-Zradiator. For exanple,

comparebiiriunfluorideto acrylicplastic. Photonsof 6 MeV or

greaterare convertedprimarilythroughpair productionkhichvaries
2asZ. llleratioof DZ2 for the two materialsis ahmt 400. A

prec:isecalculationof the relativesensit:.vitiesof miiterialsis

difficult.becauseof the dif!.erentZ depmmenrcs of y intmac’tion

procwsses. A furthercanplicationis that,in pr;+ctice,the Ri-mmI:I

bwxn is acwmpanied by nurrcwusvlcctrond,produPI*Ii;ISLh(~bm=rn

tri]v~l~?(! thro~,hiir tindo~,heruttenuntors.

lV. EXPEWIMIN’IAI.W(~CEIMllil{ANIINI-XIH,T!;



as shownin Fig. 1. Responseto a DC g-a sourcewas alsocompared,

usingthe large60Co source(1.1’/,1.34 MeV) at FC&G,Inc., NLVO.

Table I showstimeresponseparametersand relativesensitivities

for severalmaterials,comparedto the standardks Alanoskinertiun

plateCumptondetector(HFK-1O). Impulseand ilkegralresponsefor

the variousmaterialsas well as for the Comptondetectorappearin

Figs.1-S.

TABLE I

Responseand RelativeSensitivityfor SeveralMaterials.

The HFK bmpton DetectorSensitivityis Ta!ienas 1.6

Cerenkov l?stector
Jladiator Window——

5/8” BaF? Quartz

1/2”Suprasil+ Quartz

I’_,/all WFP Quartz

li2°UVT I,uciteQuartz

1 l/u” BG(-)” Quartz

None Quartz

1 1/4” ml P’&F:,

None *F;,

IIFK-10Mnpbm Detrwt(w

Photo-
cathode

S-4

S-4

S-4

S-4

S-4

S-4

CsTe

CsTe

CS;e

CsTe

CsTr

FWHM
(ns)

0.96

0.43

0.43

!).45

0.61

c)m311

1.11

(-).47

o,l~~

0.34

(),l~q

(-).+1

1(-)%-90%
lRT*
(ns)——

2.10

0.96

>3.0

1ill

( 3 lls)

O.tv!

7.1?

1.24

~ . ?il

(). ~11

(1.9Pl

().r)l

x 10-11amps/R.

Relative
Peak

Amplitule
(Linac)

1.00

().16

0.?1

0.10

f3.07

0.05

(1.42
~m~~

0.(1:1

0.(y)

().();’

60m

Relative
Sensitivity

1.00

0.(212

0.106

0.ml

O.oy!l

(’).0113

(?.(Y.)1

n.00:+

0.0(11
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We believethat the discrepancybetweenthe relativesensitivity

at the Linacand that usingthe 60~ is due to tm effects. Ihe first

is electronmix in the y flux,a ccxnplicationalludedto earlier. We

wmld expectthe 60(h deanetryto providea relativelypure y bean,

whilethe Linacgeanetrymuld providea bean in wP.ichelectronsand

photonsare relativelycloseto equilibrium(- 3 y’s/e*). Further

studieswith clearingmagnetswill be performedin an attemptto

verifytheseassertions. lhe secondeffect is slow fluorescence,

whichwillbe discussedbelow. The 60W experimentswere DC anode

currentmeasurements;slow fluorescencethereforecouldnot be

ek~luded.

As the equilibrium(1.inacpulse)situationrepresentsmore

typicallythe situationwe are likelyto have in the field,and since

we can ignoreslow fluorescencecontributions,we shalldirectour

conclusionsto theseresults. For quartzwindowsand S-4 photo-

cathodes,Suprasiland UVT Luciteare about2 ordersof’magnitudemore

sensitivethan the Cunptondetectorandmake littlesacrificein

bandwidth. Bariunflmride shows 1000 timesthe sensitivityof the

CanptondetecLor,althouGhbandwidthis lowerby a factorof 2 or ~.

lhe pulseshapeis nicelybehaved(Fig.7a). For somemeasurmients,

such as earlya measurementson an undergroundnucleartest,the BaFp

- photodlodepairmirht be m excellentchoice for coverage. The

bandwidthis adequateformearurinEthe slcwlynhangingc,, the

dcte~’toris much more sensitiv~thanan HFK, and it is mufthless

sensitiveto neutronsthana fluorsuch as NE1ll.

Dismuthgennar~ate(EGO),which is BiUGe1012,has a high Z (Zlli=

Rs), hi~hdensity(7.13K/cmq), imd larecopticalindex(;?.152)which

mtde it finintcrrstinficar?c!id:,l.efur Lcrenknvstwlies. Its

disap~intin~yieldis probablydue to its high index. ‘TheC&enkov

an~le in RG(J1.sfi’.”+’)rwhile the crlt.ici]l an~lc for tot-~linternal

reflectionbetweenIWO and quartz(n - I.rj)is 4?0. Tlus,littleof

thr C.rrmkovlightcan ronc!hthe photodiode.Attmpts to ~indbetter

uoup]irl~mct!mlsare underw;ly.



Fluorescencewas mticipatedas a backgroundproblemwith several

of the materials. 13C0is an excellentscintillatorbecauseof’its

hiBh fluorescenceyield. Quartzfluorescencehas been used for years

to observelow energyprutonbeans. It was our hope that by using

tI&F2windowsand CsTe photocathodest~ improveour sensitivityin the

UV a.lddecreaseour sensitivityin the visible,we might detect

Cerenkovradiation more effectivelythan fluorescence.Indeed,with

quartzwindowsand S-4 photocathodes,magnesiunflmride and BCOdid

demonstratelong flmrescencetails(Fig.Sa, 6a) mile quartz

(Suprasil), UVT Lucite,and bariunfluoridedid not (Fig.2a, 2b, 7a,

7b). Usingthe t@F2 windowand CsTephotocatkde,the flmrescence

tailwas eliminated(Fig.~b, 6b). To testin themagnesiunfluoride

radiatorthat the longtail was fluorescence,the geometrywas

reversed,so the bean passedthroughthe photodiode,throughthe

wicdow,and into the radiator. In this geunetry,Urenkov light

shculdbe reduced,sincethe Cerenkovcone proceedsforward.

Fluorescence,beingradiatedis.?tropiral.ly,shouldnot be reduced.

Figure4 shows thattheseexpectedresultswereobserved. We concltif!

that fluorescencecm be eliminatedwithphctcwathodeselection,but,

as can be seen in Table 1, a priceis paid in sensitivity.

‘lhespecificmgnesiun flwride sanplesunderstudyhad been

irradiatedfGr sanetime in earlierexperiments.The totaldase

shouldhave beencinlyabout.?0% of the dose requiredto producecolar

centers,however,we felt thatnew sanplesshouldbe exanined.

Indeed,new %mples shoredno r.~idenceof slow fluorescence.Spectral

exminat+nnof the DC lightresponserevealeda largepeakbetween500

and 650 m in the old (dmup,ed)~F2, and no such peak in the new

Smplvs. As mijgttesiun f’lmridewas not sufficientlysensitiveto

warrantfurtherstudy,itsdc)m dcpendmcc does not presenta problem.

tbuever,it is clearlyprdmt to exanineresponselinearityand shape

versusradiationdow f)r thosematerialsthat.willhave practical

applimtion. !;IxtI st.dieswill bc carriedour.in the near future.
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